ABSTRACT
INTRODUCTION
In the process of image research, we are generally interested in a particular part, which is called the target or foreground; the rest is called the background [1] .Image segmentation is to extract the object from the image to be used in many fields, such as image analysis [2] , image matching [3] , target tracking [4] . Nowadays there are a lot of image segmentation methods, which can be divided into three categories: feature-based clustering [5] [6] [7] , model-based [8] [9] [10] and region-based [11] [12] [13] . Feature-based methods usually use clustering for image segmentation, and the color and texture of the image can be used as features. Although this method works well, it has some drawbacks: first, it does not consider the spatial information of the image; second, it lacks enough image boundary information. The model-based method mainly refers to the active contour model, including the parametric active contour model and the geometric active contour model. The parametric active contour model expresses the curve directly in the parameterized form of the curve. The most representative one is the snake model proposed by Kass. It is used to describe the dynamic contour of the target, and approximates the real contour through dynamic optimization of the energy function. Energy function using integral operation so as to have a good ability to suppress noise and is not sensitive to the target of local fuzzy, therefore has been widely used. However, it is easy to converge to the local optimum, and it needs to make the initial contour as close as possible to the real contour. In addition, the polymerization rate is slow. The motion of the curve in the geometric active contour model [9] depends on the geometrical metric of the curve rather than on the parameters of the curve, which can well cope with the change of the topology and solve the problem that the parameter active contour model is difficult to solve, and the level set method proposed by Osher [10] greatly promotes the development of geometric active contour models.
Gabor filter has similar properties to vertebrate visual cortex receptive field response. If an image is decomposed into locally symmetric and antisymmetric basis functions, Gabor filter is similar to Gabor function, and Gabor function family is formed by rotation, translation and scale change, which can approximate the characterization of an image. It is often used in feature extraction, fingerprint recognition, face recognition, edge extraction [14] and other neighborhoods. In 2014, Zhang et al [16] proposed the use of Gabor filter to extract the corner of the imaginary part of the performance is better than the isotropic Gaussian filter, and pointed out that the imaginary part of the Gabor filter can be a good extraction of gray-scale image information. Edge detection performance will have a greater impact on image segmentation performance, and most of the edges are general extracted by Canny [17] edge detector. However, due to Gaussian filtering and non-maximum suppression, the edge detected by the Canny edge detector has the problems of fracture and displacement [18] . In order to solve the problem of edge fracture and displacement, this paper uses the imaginary part of the multi-directional Gabor filter to extract the gray-scale information of multiple directions in the image, and then applies the adaptive threshold method to the process of extracting the coarse edges. Finally adjacent similar regions are merged iteratively. Compared with the traditional Canny, region growing and LOG algorithms, the new algorithm effectively suppresses the noise and over-segmentation and keeps the continuity of the edge.
GABOR FILTER AND COARSE EDGE EXTRACTION

Gabor Filter Imaginary Part
In the spatial domain, the 2D Gabor filter is a Gaussian kernel function modulated by a sinusoidal plane wave. The definition of imaginary part of Gabor filter is: 
Which,  is a convolution symbol. 
x and  y is moving step respectively.
The discrete imaginary part of the Gabor filter along the 2    is obtained by discretization of (3) 
is the coordinates of the current pixel point. ) , u ( v is the coordinates after pixel rotation. K is the number of direction samples. K  is the fist k direction angle. Fig.1 shows the imaginary parts of Gabor filters in eight directions. Therefore, for the input image, the imaginary magnitude response of the Gabor filter along the direction is: 
Coarse Edge Extraction
The magnitude response of the multi-direction Gabor filter extraction is the change of gray scale in in the pixel points K different directions.According to the formula (5), the pixel gradient magnitude can be extracted.
In order to obtain the optimal coarse edge threshold, learning from Otsu [19] ideal of the maximum variance between classes, and divides the target and background of the image into two categories, the threshold is set at a value between 0 and 255,the gray value of the background pixel is in
, the gray mean value of background and target:
P Is the probability of the pixel gray value for i , and then calculates the variance between classes in turn at each threshold ]
Which,  is defined as the total gray mean of the image, and the threshold corresponding to the maximum variance is taken as the threshold of optimal coarse edge extraction. Fig.2 shows a gray image and a coarse edge using Canny and optimal threshold extraction. It can be seen that the error probability can be minimized by using the optimal threshold. 
IMAGE SEGMENTATION ALGORITHM BASED ON GABOR Watershed Transformation
In order to alleviate the over-segmentation problem of watershed algorithm,commonly used two methods, one is to remove irrelevant edge information by using prior knowledge, the two is to modify the gradient function so that the catchment basin only responds to the target to be detected.In this paper, the first method is used to obtain the multi-directional gradient magnitude information by multi-directional Gabor filter smoothing image, and then the coarse edge of the image is extracted according to the adaptive threshold, thus effectively suppressing the influence of noise and obtaining a complete image outline Structure, and laid a good foundation for the following regional consolidation.
Combined Cost Segmentation
Although the watershed segmentation based on coarse edges is a good way to suppress noise, there are still some small broken regions, which need to be merged to achieve the desired segmentation effect.Here we use the region adjacency graph and the adaptive merge cost to merge the adjacent regions. This process is a top-down iterative merging process, merge into a new region by finding the minimum merge cost of the current region and its neighbor, the merging cost of adjacent regions is composed of the similarity measureT of two regions and the reciprocal of their common side length ij l , which is defined as:
The similarity measure ) ,
is defined as:
which, i  represents the first i region, i m denotes the pixel mean of the first i region, ij m represents the mean of the pixels in the new region after merging.
i # denotes the number of pixels in the first i region.
Merge Threshold Selection
The region coverage criterion [20] is a method that is often used to evaluate the quality of optical image regions. 
The overlap rate of the two completely covered regions is 1, while the overlap rate of the two independently separated regions is 0.If the overlap ratio of the region  and  is the largest among all the region p  ,then segment the sub-region  in the region  and the sub-region  of the region p  form a matching
The average overlap rate of all matched pairs of the segmented result  and the manually drawn p  is referred to as the coverage of the  to p  , which is defined as [20] :
Which,  is the size of the image,  # is the number of pixels in the divided sub-region. The coverage is equal to 1 when the segmentation result is fully consistent with the manual hand-drawn. But in fact can not be achieved, so if the coverage of a method closer to 1, its performance is better
In order to select the best combination threshold, 20 different images were used to compare the average coverage of 20 images at different thresholds, As shown in Fig.3 , it can be seen that the merge threshold  is taken as 0.2. The merging is repeated until the merge cost exceeds the threshold, and the merging ends. The segmentation contour is extracted, and then the segmented contour is added to the image to complete the region merging.
PERFORMANCE COMPARISON
In order to verify the validity of the proposed algorithm, the segmentation results in the standard segmentation dataset BSDS300 are used to compare the effectiveness of the proposed algorithm.Comparing the proposed algorithm with the results of segmentation using edges extracted by LOG, Canny, and the segmentation algorithm based on region growing segmentation.As shown in Fig.4 and Fig.5 , it can be seen that the proposed algorithm is close to the BSDS300 segmentation result, and the segmentation result is better than other algorithms.It is shown that the use of Gabor filters to extract coarse edges can suppress noise effectively and mitigate over-segmentation. In order to compare the complexity of each algorithm, five images were randomly selected, the size of 321 × 481. As shown in Fig.7 , the number of initial divided regions is compared with the total running time. Table 1 shows the time complexity of each algorithm, it can be seen that the segmentation method based on Canny takes the shortest time,but the segmentation of the region is less, the target and the background cannot be completely separated, there is a clear under-segmentation;The segmentation method based on LOG takes the most; The algorithm of region growing is sensitive to the noise of image. When there are noises or more textures in the image, as shown in Fig. 9 (b) , the segmentation effect is poor and time consuming. Considering all of the above, the proposed method has good performance in suppressing over-segmentation and subsequent merging processing. 
CONCLUSION
In this paper, a new image segmentation algorithm based on coarse edge region is proposed, firstly extracts the better gray scale information by the imaginary part of Gabor filter. Secondly, the coarse edge of the image is extracted by using the double threshold, which solves the problem that the Canny edge detector produces the broken small edge and edge fracture. Thus, it preserves more gradient information and has a good effect on noise suppression, making the watershed transformation effect more accurate, the smaller number of regions and the weak initial segmentation of the high quality of under-segmentation are obtained. At the same time, the new region merging cost function can be used to guide the merging process. Finally, the proposed algorithm is compared with Canny, region growing and LOG algorithm, It is proved that the algorithm proposed in this paper can obtain high quality segmentation results and the average computation complexity is reduced by about 21.5%. In order to extract the optimal coarse edges, the idea of the maximum variance between classes is introduced, and the segmentation threshold is selected one by one, the algorithm steps are increased and the computation is large. Then we will start from the theory of algorithms, optimization theory to optimize the algorithm in order to reduce the calculation of the algorithm. 
